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Introduction
RAN plenary #75 approved a study item [1] for studying evaluation methodology to support new V2X use cases for LTE and NR as identified in SA1 TR 22.886. The detailed objectives of this study item are:
1. Complete the evaluation methodology in TR38.913 and TR38.802 to compare the performance of different technical options for the new 5G V2X use cases including the following aspects [RAN1, starting email discussion after RAN#76]:
a) Evaluation scenarios including performance metric, vehicle dropping, traffic model
b) Sidelink channel model for spectrum above 6 GHz
2. Identify the regulatory requirements and design considerations of potential operation of direct communications between vehicles in spectrum allocated to ITS beyond 6GHz in different regions, considering at least 63-64GHz (allocated for ITS in Europe) and 76-81GHz depending on regulatory decision [RAN, starting email discussion after RAN#76]
In the wake of the above mentioned objectives, the following progress has been made:
· RAN had email discussion on the regulatory aspect for ITS operation in frequency band above 6 GHz. A summary was submitted in RP-172041 and its conclusion which contains the proposed text for TR 37.885 was endorsed. 
· RAN1 had several rounds of email discussions to collect companies’ views on V2X evaluation methodology. Summary of the email discussions were submitted in R1-1715092, R1-1717293 and R1-1721545. An LS (R1-1719239) was sent to external organizations to ask input relevant to this study.
· In RAN1#92, a long offline discussion on evaluation methodology took place. The document in [5] captures the points of consensus as well as multiple open issues. Most of the consensus points were later formalized in agreements [6].
In this contribution, we discuss the remaining issues on simulation scenarios and related assumptions as well as performance metrics as identified in [5].  Our views on channel models are presented in the companion contribution [2]. 
Simulation scenarios
In [5], the following open issues were identified:
	Outstanding remaining issues:
· Whether to confirm the UE dropping model in [3GPP TR 38.802] or a new dropping is needed
· The following was discussed as the motivation of a new dropping model:
· Parameters such as inter-vehicle distance can be different depending on the use cases and/or scenarios.
· It is necessary to consider multiple values for the inter-vehicle travelling time in a single simulation layout.



In TR 22.886, four categories of new V2X use cases for LTE and NR have been defined, namely extended sensors, advanced driving, platooning and remote driving. Although these use cases may have different requirements in terms of data traffic, UEs drop and mobility etc., it is not necessary to prioritize the evaluation of a certain use case over another. From RAN perspective, the solution should fulfil the requirements of all the use cases.  
There is no need to prioritize the use case(s) and is out-of-scope of RAN1 decisions.
When it comes to UE drop and mobility model, in order to reduce the number of evaluation scenarios, we should strive to have a generic model representing majority of the use cases. 
Minimize the number of UE drop and mobility models to represent most of the V2X use cases. 
Also, note that in real environment, different use cases may coexist. However, for simplification it should not be considered as a baseline for decisions of technical solutions. Also, various use-cases and carrier can be (pre)-configured by higher layers with respect to the regulatory aspects. Therefore, it is not clear if such coexistence is necessary to consider for evaluations. 
Mixed scenario considering multiple use cases are not considered as a baseline for decisions of technical solutions. 
Frequency bands
In [5], the following open issues were identified:
	Outstanding remaining issues:
· Sidelink simulation bandwidth below 6 GHz
· Parameters above 6 GHz including transmit power, aggregated system/simulation bandwidth, and so on.



NR targets frequency bands both below and above 6GHz. Also, the new V2X use cases may be supported via Uu and/or SL interfaces. In [3],  most of the companies agreed to reuse the aggregated system bandwidth of 100MHz. It is to be noted that only 30MHz of ITS spectrum are currently available at 5.9GHz, which is the only frequency band so far for V2X safety use cases. Also, it needs to be shared between LTE-PC5, NR-PC5 and 802.11p. Therefore, we believe that considering 100MHz of aggregated system bandwidth at 5.9GHz is not a realistic assumption. 
Only 30MHz bandwidth at 5.9GHz (below 6GHz) is currently available for safety related V2X use cases.  
Consider typical aggregated sidelink bandwidth of at most 30MHz at 5.9GHz with a single channel bandwidth to be 10MHz.
A SL bandwidth up to 100MHz could only be possible if licensed bands (e.g., 3.5GHz) are used for V2X use cases. 
For above 6GHz, we should strive to align NR Uu assumptions with those considered for MBB evaluations in NR WI. For NR SL assumptions, there is still not very clear view on potential frequency bands for V2X use cases except 63GHz. However, we believe that 63GHz could be very challenging for V2X scenarios.
For above 6GHz, strive to align NR Uu assumptions with that considered for MBB evaluations. Simulation assumptions on sidelink, is subject to availability of frequency bands and their respective regulatory requirements. 
RSU deployment 
In [5], the following open issues were identified:
	Outstanding remaining issues:
· Deployment of RSU



As discussed above, NR targets frequency bands both below and above 6GHz. For below 6GHz, the BS and RSU deployment parameters have been agreed in TR 38.802 and can be confirmed. For above 6GHz, some companies suggested to increase the RSU density to overcome the loss in channel propagation. However, we do not see the need to consider higher RSU densities. This is because RSUs are normally deployed considering road infrastructure and deployment efforts/cost rather than the propagation aspects.
RSUs are deployed considering road infrastructure’s deployment efforts and cost rather than the propagation aspects of communication.
Higher RSU densities for above 6GHz frequencies are not considered.
Antenna model
Related to the agreements made in [6] on the antenna model, the following open questions were identified in [5]. 
	Outstanding remaining issues:
· UE antenna parameters including
· The antenna heights including how many values will be evaluated
· The number of antenna elements
· Antenna gain


During RAN1#92, there was a long, inconclusive discussion on antenna heights. In our view, a single antenna height should be considered for several reasons: i) it is unclear how RAN1 may extract conclusions from simulations with varying antenna heights; varying antenna heights does not add any further realism unless extremely accurate propagation models are used; and iii) it is unlikely that vehicle OEMs will take actions on antenna placement based on possible conclusions drawn from simulations in 3GPP.
Regarding antenna gains, we think that a single value should be used for each type of UE. The following values are commonly used and accepted. Note that this approach is common for many other parameters that in practice experience significant variations between different nodes (e.g., BS height, noise figure, etc.).
[bookmark: _Ref509494706]For below 6 GHz, the antenna parameters in Table 1 are used. 
			Table 1. Antenna parameters for frequencies below 6 GHz.
	Antenna height
	V-UE and P-UE: 1.5 m

	Antenna gain
	V-UE: 3 dBi


Furthermore, at frequency above 6GHz, antenna gain will be different and values given in RP-172041 can be used. 
In RAN1#92 it was agreed to use the collocated antenna model. Regarding the number of antenna elements, we propose having 8 antenna elements with half spherical uniform distribution with upper direction for below 6GHz. However, for above 6GHz, the antenna elements become more selective and the isotropic pattern is not valid anymore.  One possible assumption is 8 rooftop elements with 90 degree aperture each, pointing in 4 directions. This is to be verified with OEMs.
Use 8 antenna elements with half spherical uniform distribution with upper direction as the baseline for below 6 GHz. For above 6GHz, use 8 antenna elements with 90 degree aperture each, pointing in 4 directions.  
Moreover, as stated in [3GPP TR 38.802], dual-polarized antenna model is considerd at UE side due to its compactness and efficiency. For a vehicle, even though its physical size is much larger than a mobile phone, the deployment of antennas is not expected to take large space from OEMs’ perspectives. Also, the diversity gain introduced by dual-polarized antennas can be exploited to improve V2X communications. Hence, in our view, dual-polarized antenna model is useful and realistic for a V-UE. This is to be further verified with OEMs.
Dual-polarized antenna model is used for V-UE.
Furthermore, the use of distributed antenna model for Release 16 UE is being discussed. We think that such antenna model is not very realistic. However, based on the input from OEMs, the assumption can be revised. 
The use of distributed antenna model for Release 16 UE is not a very realistic option. 
Traffic model
In RAN1#92 the following agreements were made [6] and the following open issues were identified [5]:
	Agreements:
· At least, the following model for message size is supported.
· At least one option with zero variation is supported and at least one option with non-zero variation is supported.
· FFS details (e.g., how to implement randomness in message size, not precluding the possibility of defining multiple options)
Outstanding remaining issues:
· How to determine the time each message is generated (e.g., periodic/aperiodic, generation time jitter, etc.)



Based on the SA1 use cases, we propose to model three different types of traffic:
a) Periodic traffic with small packet sizes
· Consecutive transmissions by the same UE have similar sizes and arrive at regular intervals (jitter and occasional drops may be modelled too).
b) Aperiodic or sporadic traffic with small packet sizes
· Consecutive transmissions by the same UE are independent (i.e., in general they have different packet sizes and arrive at irregular intervals)
c) MBB-like traffic with large packet sizes
· Consecutive transmissions by the same UE are independent (i.e., in general they have different packet sizes and arrive at irregular intervals)
The need of randomized periodic traffic model has been discussed i.e. packets are generated with different inter-arrival rate and different packet sizes. However, we do not see the need and the use case relevant to the ‘randomized periodic traffic’ i.e. large variation in packet size and arrival time. The only thing, that we think is necessary to model on top of periodic traffic is the jitter i.e. small (bounded) variations in packet arrival time. This can be done by assuming either uniform or Gaussian (truncated) distribution. Furthermore, missed packets can be modeled with probability ‘p’ on top.  
For periodic traffic: 
· Packet inter-arrival time is modelled by a truncated Gaussian distribution centered around the mean value ‘X ms’. 
· Packets are missed with probability p.
Also, it is necessary to consider a event-triggered traffic model for use cases in which data is generated based on certain event e.g. emergency brakes etc. Furthermore, the modelling of event triggering can be done using randomized packet arrival e.g. according to Poisson process. A sporadic event can consist of either single shot or multi-shot transmissions.
For aperiodic or sporadic traffic:
· Event inter-arrival time is modelled by a exponentially distributed random variable with mean arrival time ‘µ’.   
· Furthermore, event can be n-shot transmissions with fixed intervals ‘Y ms’, where n ≥ 1.  FFS modeling of event duration (i.e. value of n). 
Furthermore, there is a need for MBB-like traffic and solutions should also be evaluated considering it. This is necessary for V2X use cases like software updates, local dynamic map sharing, tethering via vehicle, collective perception of environment with bursty MBB-like traffic where a certain data rate (e.g. 25 Mbps or so depending on use-case). MBB-like traffic can be modelled using FTP traffic model 2/3 with updated values on file sizes, reading time and burst length etc. 
MBB-like traffic is modelled using FTP traffic model 2/3 with updated values on file sizes and burst length etc.
[bookmark: _In-sequence_SDU_delivery]Performance metrics
Related to the agreements made in [6] on the performance metrics, the following open questions were identified in [5]. 
	Agreements:
· Proposal: At least for the broadcast-type use cases, “PRR” is included as a performance metric and “Alt. 1” (in [85-15] and RAN1#86) is confirmed. Note that further discussion is needed on the other aspects discussed in Issue #37 of [90-30].
· Additional metric for persistent collision is introduced at least for the use cases requiring a reliability higher than that of LTE V2X.
Outstanding remaining issues:
· Q2 and Q3 in Issue #31
· Necessity of a performance metric other than PRR and the one for persistent collision (e.g., latency, throughput, etc.)
· Performance metric for use cases other than broadcast-type transmissions



Use cases being targeted by 3GPP V2X phase 3 can be categorized as either for safety or non-safety applications with different requirements. Safety applications such as lane merging, advanced sensor sharing etc. require highly reliable data transmissions with a certain latency bound so that the received information is not out-dated. On the other hand, non-safety applications require high throughput with lower latency and reliability requirements. Based on this, we identify the following as primary metrics for evaluations. 
Packet Reception Ratio (PRR)
It was agreed in RAN1#92 to use PRR Alt. 1 as a metric for broadcast type use cases. The current definition of PRR already considers the latency aspects i.e. the packets not fulfilling the latency requirements (e.g. 100ms in Rel. 14/15) are considered as lost. However, the new V2X use cases have stricter latency requirements which should be appropriately taken into account. This can then be represented as ‘ average PRR vs distance for a certain latency budget’ or ‘average PRR vs latency for a certain distance’.
In PRR, packets not received within the latency bound are considered as lost packets.
Another PRR alternative (PRR Alt. 2) is defined to consider a subset of the UEs located in the range (a,b) from the TX which is termed as PRR alternative 2. We think that it can be used as a supplementary metric to evaluate certain use cases such as platooning etc.  
PRR alternative 2 can be used as a supplementary metric for some safety use cases such as platooning.
The subset of UEs for PRR alt. 2 can be calculated based on the targeted use-case. For instance, all platoon members are considered while evaluating PRR alt. 2. 
Furthermore, there was discussions on the PRR calculations in case of varying packet sizes. According to our view, first, as mentioned in Section 6, the variation in the packet size should be limited as there is no SA1 use case justifying large variations in the packet size. Secondly, PRR calculations should not be affected by the change of packet size as it is a system level KPI. 
Persistent Collisions and Packet Inter-Reception (PIR)
It was agreed in RAN1#92 to introduce an additional metric for quantifying the effect of persistent collisions. In our view, the Packet Inter-Reception measure introduced in Rel-14 is sufficient to measure persistent collisions if represented appropriately. PIR is defined as the time elapsed between two successive receptions of different packets transmitted from UE A to UE B and belongs to the same service. We suggest to use the following PIR representation.
· For a single link, CDF of PIR is a sufficient representation.
· For multiple links, CDF of Xth-percentile PIR per link avoids the hiding effect of averaging.
PIR is used as a performance metric to evaluate consecutive packets loss.
· PIR per link is represented by CDF of PIR based on the number of consecutively received packets. 
· PIR for multiple links is represented by the CDF of Xth-percentile PIR per link and based on total number of links in the system.
Throughput 
User throughput is defined as the ratio of amount of data to the time for its reception. Many non-safety applications do not have stringent requirements on reliability and latency. Rather, high throughput is required. Therefore, throughput should be the primary metric for such use cases. 
Throughput is used as the primary performance metric for non-safety use cases.
 Positioning metric
In [5] the following open issue related to positioning were identified:
	Outstanding remaining issues:
· Necessity of performance metric(s) other than the positioning error


In our view, absolute and relative positioning error, which were agreed in [6] are sufficient.
No additional metric is introduced for positioning 
Need for other metrics
During the e-mail discussions, some companies mentioned the need of other metrics for some other use cases such as advanced driving and sensor sharing. This is to measure the number of objects detected by the vehicle. However, we believe that such metric cannot be classified as radio layer performance metric and is out of RAN scope. 
No new metric is introduced to measure the number of detected objects in the surrounding of the UE. 
Use-case dependent target reliability
In RAN1#92, there were discussions on the considered target reliability (i.e. PRR and/or PIR value) depending on the use cases and it was stated as open issue in [5]:
	Outstanding remaining issues:
· Target reliability of RAN1 evaluation which can be dependent of the use cases and/or scenarios 



According to our view, it makes sense that the performance (i.e. reliability and/or latency) targets depend on the use case as defined by SA1 in TR22.886 [7]. However, RAN1 should aim to design a RAT that can fulfil the targets of all the considered use cases. Also, it is out of scope of RAN1 work to define one particular value of target performance. 
[bookmark: _GoBack]RAN1 aims to fulfil the targets of all the considered use cases as described by SA1 in TR 22.886. 
Conclusions
In this contribution we discussed our  view on the remaining aspects of V2X evaluation methodology as listed in [5]. The detailed proposals are included in Section 2-8.  	 
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